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1
STAMPING APPARATUS

FIELD

The present invention relates to stamping apparatus, and in
particular, stamping apparatus having a lock-bead for secur-
ing a blank to be stamped.

BACKGROUND

Stamping apparatus can be used to form or “stamp” a metal
blank into a formed part that is used for a panel, for example,
for a vehicle. In many stamping apparatus, the metal blank is
securely held between upper and lower dies of the stamping
apparatus during a stamping process where a blank-holding
ram engages a portion of the blank to secure or hold the blank
s0 a punch can engage another portion of the held blank into
a forming cavity to stamp or form the part. To ensure that the
blank is held as desired during the stamping process the
blank-holding ram may include a bead is configured to
engage the blank into a depression formed in the lower die. In
some configurations, multiple beads positioned alongside
each other may be utilized to increase the blank holding force
during the stamping process. High tensile strains experienced
by the blank proximate the bead(s), however, may cause the
blank to break during the stamping process, which may ren-
der the blank unusable. Additionally, configurations having
multiple beads alongside each other result in more scrap and
higher manufacturing costs.

SUMMARY

The present disclosure provides a stamping apparatus for
stamping a blank. The stamping apparatus includes a first die
and a blank-holding ram. The first die includes a forming
cavity and a depression positioned outboard of the forming
cavity. The depression is defined by a first corner proximate
the forming cavity and a second corner distal the forming
cavity in the outboard direction from the first corner and the
forming cavity. The blank-holding ram includes a bead con-
figured to engage a portion of the blank into the depression
when the blank is positioned between the first die and the
blank-holding ram. The bead includes a third corner proxi-
mate the forming cavity and a fourth corner surface distal the
forming cavity in the outboard direction from the third corner.
The first corner of the depression includes a radii of curvature
greater than a radii of curvature of the second corner of the
depression and the radii of curvature of the third and fourth
corners of the bead.

In another aspect of the present disclosure, the radius of
curvature of the first corner is at least twice as great as the radii
of curvature of the second, third and fourth corners.

In another aspect of the present disclosure, the radius of
curvature of the first corner is at least three times as greatas a
thickness of the blank.

In another aspect of the present disclosure, the radius of
curvature of the first corner is at least four times as great as a
thickness of blank and the radii of curvature of the third and
fourth corners is 1.0 to 2.0 times as great as a thickness of the
blank.

In another aspect of the present disclosure, a surface from
which the depression depends from is angled with respect to
a horizontal ground reference.

In another aspect of the present disclosure, a plurality of
beads engage respective depressions around the perimeter of
the forming cavity, and at least some of the plurality of beads
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and respective depressions have the corners radii relationship
of'the bead and depression of claim 1.

Further areas of applicability of the teachings of the present
disclosure will become apparent from the detailed descrip-
tion, claims and the drawings provided hereinafter. It should
be understood that the detailed description, including dis-
closed embodiments and drawings references therein, are
merely exemplary in nature intended for purposes of illustra-
tion only and are not intended to limit the scope of the present
disclosure, its application or uses. Thus, variations that do not
depart from the gist of the present disclosure are intended to
be within the scope of the present disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a partial cross-sectional view of a conventional
stamping apparatus;

FIG. 1A is an expanded view of a conventional lock bead-
depression configuration illustrated in FIG. 1;

FIG. 2 is a partial cross-sectional view of a stamping appa-
ratus according to the present disclosure;

FIG. 2A is an expanded view of a lock bead-depression
configuration illustrated in FIG. 2 according to the present
disclosure;

FIG. 2B is an exemplary embodiment of a blank-holding
ram having an exemplary bead configuration; and

FIG. 2C is another exemplary embodiment of a blank-
holding ram having an exemplary bead configuration.

DETAILED DESCRIPTION

Disclosed herein are exemplary embodiments of a stamp-
ing apparatus having a bead-depression configuration where
a corner of the depression, proximate the forming cavity of
the stamping apparatus, has a radii of curvature larger than the
radii of curvature of the distal corner of the depression. The
corner of the depression with the larger radii of curvature is
also larger than the radii of curvatures of the corners of the
bead configured to engage a portion of a blank into the depres-
sion.

The bead-depression configuration is configured so the
bead engages a portion of the blank into the depression for the
purpose of holding the blank during stamping of a portion of
the blank into the forming cavity. The radii of curvature
relationship of the bead-depression corners results in a sub-
stantial increase in holding or locking force of the blank
during the stamping process in that the potential locking force
substantially approaches the ultimate tensile force capacity of
the blank without breaking the blank during the stamping
process. Before describing a stamping apparatus according to
the present disclosure, a prior art stamping apparatus will be
described with reference to FIG. 1. In general, a stamping
apparatus 10 comprises a stationary base member 12 consti-
tuted by a bolster plate having a stationary lower or constrain-
ing die 14 fixedly supported thereon. Constraining die 14 is
formed with an upwardly open forming cavity 16 that is
shaped according to the desired shape of a formed article,
here a sheet metal blank 18 to be stamped or formed.

Above the constraining die 14 is positioned an upper die or
drawing ram 20 that is actuatable downwardly and upwardly
by a main mechanical or hydraulic power cylinder, for
example, (not shown). Drawing ram 20 has lower surface
portion 22 defining a drawing punch 23 correspondingly
shaped to a surface 24 that defines forming cavity 16 in
constraining die 14. Drawing ram 20 is thus movable toward
and away from forming cavity 16 in constraining die 14 as
drawing ram 20 is driven to move downwardly and upwardly,



US 9,149,854 B2

3

respectively, by the main power cylinder. Constraining die 14
has a raised land portion 26 surrounding or juxtaposing cavity
16.

Above land portion 26 of constraining die 14 is positioned
a blank-holding ram 28 that is actuatable downwardly and
upwardly by an auxiliary power cylinder (not shown). As best
shown in FIG. 1A, blank-holding ram 28 defines blank-hold-
ing punch 30, which is thus movable toward and away from
land portion 26 of constraining die 14 as blank-holding ram
28 is driven to move downwardly and upwardly, respectively,
by the auxiliary power cylinder. Land portion 26 of constrain-
ing die 14 has a flat upper surface 32 constituting a first
blank-holding surface extending around or along cavity 16 in
constraining die 14 of an upwardly open depression 34. On
the other hand, blank-holding punch 30 has a flat lower sur-
face 36 constituting a second blank-holding surface that is
formed with a bead 38 aligned with depression 34, respec-
tively. Although only a portion of stamping apparatus 10 is
illustrated in FIG. 1, it should be understood that bead 38
engaged with depression 34 may be configured to extend
around an entire perimeter of constraining die 14, or be con-
figured to be disposed on portions of sides of cavity 16.

Before the drawing punch 23 comes into contact with sheet
metal blank 18, blank-holding punch 30 is brought into press-
ing contact with sheet metal blank 18 and thereby has blank
18 or, more specifically, edge portion 42 of blank 18 clamped
between blank-holding surface 32 of land portion 26 and
blank-holding surface 36 of blank-holding punch 30. As a
result, bead 38 of blank-holding punch 30 force some of
portion 42 of blank 18 to extend into depression 34 in land
portion 26. Edge portion 42 of sheet metal blank 18 is then
forcefully gripped between blank-holding surfaces 32 and 36
not only by the pressure exerted between surfaces 32 and 36,
but effectively by engagement between blank-holding punch
30 and land portion 26 of constraining die 14 through bead 38
and depression 34.

After sheet metal blank 18 is thus clamped firmly between
blank-holding surfaces 32 and 36, drawing punch 23 is
brought into pressing engagement with blank 18 and forces
blank 18 to stretch into forming cavity 16 formed in con-
straining die 14 until blank 18 is forced against surface 24
defining forming cavity 16. Upon completion of the drawing
operation performed as described above, edge portion 42 of
blank 18 now having a series of crimp 46 formed in edge
portion 42 is cut off from blank 18. An article (not shown)
such as, for example, a side panel of a vehicle that is shaped
conformingly to forming cavity 16 in constraining die 14 is
thus obtained.

A drawback of the prior art stamping apparatus 10
described above includes that sheet metal blank 18 experi-
ences tensile strains at edge portion 42 of blank 18 in lateral
directions at positions that correspond to bead 38 of blank-
holding ram 28 and depression 34 formed in constraining die
14. In particular, referring to FIG. 1A, bead 38 includes cor-
ners 48 and 50 and depression 34 includes corners 52 and 54.

During the stamping process, edge portion 42 of blank 18
is urged toward forming cavity 16, but is retained due to
engagement between blank-holding punch 30 and land por-
tion 26. Due to edge portion 42 being drawn toward forming
cavity 16 and being retained between blank-holding punch 30
and land portion 26, blank 18 experiences elevated tensile
strains in a lateral direction (i.e., to the left in the figure),
which are influenced by the radii at locations of corners 48,
40, 52, and 54. In particular, blank 18 experiences the most
tensile strain proximate corner 54 of depression 34. Due to the
elevated tensile strains in the lateral direction at corner 54,
blank 18 may break, which may cause the part to be drawn
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further into forming cavity 16 than desired, which results in
an incorrectly stamped part that may require it to be dis-
carded. Discarding the incorrectly stamped part increases
material costs, which drives up manufacturing costs associ-
ated with manufacturing stamped parts.

To account for the increased tensile strains experienced at
edge portion 42 in the lateral direction, the present disclosure
provides a stamping apparatus with a bead-depression con-
figuration that substantially minimizes the tensile strains
experienced during drawing and forming of blank 18 into a
stamped formed part and increases the locking or holding
force with which the blank is held during the stamping/form-
ing of the blank.

Now referring to an exemplary embodiment as shown in
FIG. 2, the present disclosure provides a stamping apparatus
56 that, similar to prior art stamping apparatus 10, includes
support member 12, a first die 14', a drawing ram 20, and a
blank-holding ram 28'. First die 14' includes a land portion
26'. A depression 34' is defined in part by corners 58' and 60',
where corner 58' is proximate the forming cavity 16 and
corner 60 is distal the cavity in the outboard direction from the
first corner. Blank-holding ram 28' includes a blank-holding
punch 30' that defines a bead 38' having corners 48' and 50",
wherein the corners 48' and 50' of the bead 38' are configured
to engage a portion of the blank 18" into the depression 34' as
shown in FIG. 2A. Stamping apparatus 56 differs from prior
art stamping apparatus 10 having a bead-depression configu-
ration in that a depression 34' of land portion 26' includes at
least one corner 58' that has a larger radius of curvature than
corners 48' and 50' of bead 38' and corner 60' of depression
34', wherein the corner 58' is nearest the forming cavity 16
(compared to corner 60) where the cavity is configured to
receive the blank 18' for having a shape formed/stamped
thereon.

In some embodiments, corner 58' may have a radius of
curvature at least twice a radius of curvature of corners 48',
50", and 60'. It should be understood that a configuration of a
bead(s), depression(s) and the radii of curvature of the corners
may be selected based on factors such as the configuration of
the dies, punches, the configuration of the forming cavity, the
formed part, the material and a thickness of blank 18'. In this
regard, when stamping a blank 18' formed of steel, for
example, the radius of curvature of corner 58' may be up to
four times greater than the radii of corners 48', 50", and 60'". If
aluminum blanks are being stamped, the radius of curvature
of corner 58 may be between five and six times greater than
radii 48', 50", and 60'. Aluminum blanks may require a greater
radius of curvature to account for aluminum being a more
brittle metal than steel, which results in aluminum not being
able to withstand increased tensile strains as well as steel.

In one exemplary embodiment as illustrated in FIG. 2A,
depression 34' includes corners 58' 60, and bead 34' includes
corners 48' and 50', where corner 58' has a radii of curvature
greater than corners 48', 50' of bead 38' and corner 60' of
depression 34', and where corner 60' has a radii of curvature
greater than corners 48' and 50'. In another exemplary
embodiment, corner 58' has radii of curvature at least four
times a thickness of the blank while corners 60', 48' and 50'
have lesser radii of curvature. In another exemplary embodi-
ment, corner 58" has radii of curvature at least three times a
thickness of the blank while corners 60', 48' and 50' have
lesser radii of curvature.

When at least corner 58' has a greater radius of curvature
compared to corners 48', 50' and 60' damage to blank 18' is
prevented, or at least substantially minimized. In this regard,
a greater radius of curvature at corner 58' reduces tensile
stresses experienced by blank 18' which minimizes blank 18'
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from breaking during the stamping process and, in turn, mini-
mizes blank 18' from being drawn toward forming cavity 16'
to an extent greater than desired to stamp blank 18' into a
formed part. A bead-depression configuration where the cor-
ner radii 58' is larger compared to the other three corners
increases the clamping or locking force capability of the
blank proximate the bead. A larger locking force is desirable
so the maximum tension force that the blank material can be
subjected to during the stamping operation is closer to the
maximum tension allowable force corresponding to the ulti-
mate tensile strength of the material. This is desirable in that
higher stamping loads may be applied to the blank during
stamping of the blank, loads that approach the maximum
tensile strength of the blank material without breaking the
blank. Additionally, the use of a single bead and correspond-
ing depression, having the radii relationship discussed above,
also provides less material compared to the use of a double or
trip bead configuration and consequently less scrape material
to be removed subsequent to formation of the blank.

In some exemplary embodiments, corner 58' has aradius to
blank thickness (R/t) ratio of at least 4, while corners 48', 50'
and 60" have a smaller R/t ratio, for example, a R/t ratio of 1.0
to 2.0.

A bead-depression configuration where the radii of corner
58' is larger than the radii of corners 48', 50" and 60' allows the
utilization a single bead to provide desirable locking or
clamping force of the blank during the stamping process. For
instance, in some embodiments a single bead is positioned
near an inner edge 62 of a blank-holding ram 28" proximate
outer edge of the forming cavity wherein the bead 38" is
continuous around the perimeter of the forming cavity, for
example as is shown in FIG. 2B.

In other embodiments, instead of a single-continuous bead
a plurality of beads 38" are positioned near an inner edge 62'
(punch opening line) of a blank-holding ram 28" proximate
an outer edge of the forming cavity, for example as shown in
FIG. 2C. Two beads are not positioned alongside each other
because one bead at any location alongside the forming cavity
provides adequate blank locking force due to the radii con-
figuration of corner 58' described hereinabove.

Of course in some embodiments, it may not be necessary to
have beads alongside a particular portion of the forming cav-
ity. In some embodiments, the stamping apparatus may be
configured so not all of one or more depressions receive a
bead. Additionally, in some embodiments having a plurality
of beads, a portion of the plurality of beads are lock beads
(having the radii relationship with the respective depression
as described hereinabove) while another portion of the plu-
rality of the beads are draw beads. A draw bead configuration
may be utilized for example in the exemplary embodiment of
FIG. 2C. In the stamping industry, lock beads are configured
to hold the blank such that blank material proximate the bead
is substantially impeded from flowing toward the forming
cavity. Draw beads are configured so a portion of blank mate-
rial proximate the bead flows toward the forming cavity in a
desired, controlled manner, depending on the configuration of
the forming cavity, the configuration and material of the part
to be stamped, the stamping apparatus, etc.

The embodiments of bead-depression configurations dis-
cussed herein are intended for use with stamping apparatus
where the punch is actuated substantially in the vertical direc-
tion with respect to a horizontal ground reference and where
the surface from which the depression depends from is sub-
stantially horizontal with respect to the ground reference. The
embodiments of bead-depression configurations discussed
herein are also intended for use with stamping apparatus
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where the surface (e.g. land surface) from which depression
depends from is angled with respect to the horizontal ground
reference.

Radius of curvature of corner 58' is predetermined prior to
formation of stamping apparatus 56. That is, it is generally
predetermined what types of blanks 18' that stamping appa-
ratus 56 will stamp during its useful life. If stamping appara-
tus 56 will be used for stamping aluminum blanks, radius of
curvature of corner 58' may be predetermined using finite
elemental analysis (FEA) to determine the magnitude of ten-
sile strains experienced by blank 18' prior to manufacture of
stamping apparatus 56.

Such a process can increase the useful life of stamping
apparatus 56. That is, when tensile strains experienced by
blank 18' are reduced, the amount of wearing at corners 48',
50', 58', and 60' is reduced as well. This increases the useful
life of stamping apparatus 56 in that a greater amount of
stampings may be produced before stamping apparatus is
serviced or replaced. This, in turn, reduces manufacturing
costs associated with producing the formed parts.

What is claimed is:

1. A stamping apparatus for stamping a blank, the appara-
tus comprising:

a first die including a forming cavity and a plurality of
depressions positioned outboard and along a periphery
of said forming cavity in a non-overlapping manner, said
depressions each defined by a first corner proximate said
forming cavity and a second corner distal said forming
cavity inthe outboard direction from said first corner and
said forming cavity; and

a blank-holding ram including a plurality of beads each
configured to engage an edge portion of said blank into
said depressions when the blank is positioned between
the first die and the blank-holding ram, said beads each
including a third corner proximate said forming cavity
and a fourth corner distal said forming cavity in the
outboard direction from said third corner,

wherein said first corner of said depression includes a radii
of curvature greater than the radii of curvatures of said
second corner of said depression, and the third and
fourth corners of the bead, and the first corner is located
distal from the edge portion of the blank.

2. The stamping apparatus of claim 1, wherein said radius
of'curvature of said first corner is at least twice as greatas said
radii of curvature of said second, third and fourth corners.

3. The stamping apparatus of claim 1, wherein said radius
of curvature of said first corner is at least three times as great
as said radii of said second, third and fourth corners.

4. The stamping apparatus of claim 1, wherein said radius
of curvature of said first corner is at least two times as great as
said radii of said third and fourth corners.

5. The stamping apparatus of claim 1, wherein said radius
of curvature of said first corner is at least three times as great
as a thickness of the blank.

6. The stamping apparatus of claim 1, wherein said radius
of curvature of said first corner is at least four times as great
as a thickness of the blank.

7. The stamping apparatus of claim 1, wherein said radius
of curvature of said first corner is at least four times as great
as a thickness of blank and said radii of curvature of said third
and fourth corners is 1.0 to 2.0 times as great as a thickness of
the blank.

8. The stamping apparatus of claim 1, wherein a surface
from which said depression depends from is angled with
respect to a horizontal ground reference.

9. The stamping apparatus of claim 1, wherein said bead
extends entirely about a perimeter of said forming cavity.
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10. The stamping apparatus of claim 7, wherein said bead
engages said depression entirely about the perimeter of said
forming cavity.

11. The stamping apparatus of claim 1, further comprising
a punch configured to engage a portion of the blank into the
forming cavity.

12. A stamping apparatus for stamping a blank, the appa-
ratus comprising:

a first die including a forming cavity and a depression
positioned outboard of the forming cavity, the depres-
sion defined by a first corner proximate the forming
cavity and a second corner distal the forming cavity in
the outboard direction from the first corner and the form-
ing cavity; and

ablank-holding ram including a bead configured to engage
an edge portion of the blank into the depression when the
blank is positioned between the first die and the blank-
holding ram, the bead protruding from the blank-hold-
ing ram and including a lower surface positioned
between a pair of side surfaces that extend orthogonal to
the lower surface, the side surfaces connecting to the
lower surface by way of a third corner proximate the
forming cavity and a fourth corner distal the forming
cavity in the outboard direction from the third corner,

wherein the first corner of the depression includes a radii of
curvature greater than the radii of curvatures of the cor-
ner of the depression, and the third and fourth corners of
the bead, and the first corner is located distal from the
edge portion of the blank.
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13. The stamping apparatus of claim 12, wherein said
radius of curvature of said first corner is at least twice as great
as said radii of curvature of said second, third and fourth
corners.

14. The stamping apparatus of claim 12, wherein said
radius of curvature of said first corner is at least three times as
great as said radii of said second, third and fourth corners.

15. The stamping apparatus of claim 12, wherein said
radius of curvature of said first corner is at least two times as
great as said radii of said third and fourth corners.

16. The stamping apparatus of claim 12, wherein said
radius of curvature of said first corner is at least three times as
great as a thickness of the blank.

17. The stamping apparatus of claim 12, wherein said
radius of curvature of said first corner is at least four times as
great as a thickness of the blank.

18. The stamping apparatus of claim 12, wherein said
radius of curvature of said first corner is at least four times as
great as a thickness of' blank and said radii of curvature of said
third and fourth corners is 1.0 to 2.0 times as great as a
thickness of the blank.

19. The stamping apparatus of claim 12, wherein said bead
extends entirely about a perimeter of said forming cavity.

20. The stamping apparatus of claim 12, wherein the first
die includes a plurality of the depressions positioned out-
board and along a periphery of the forming cavity in a non-
overlapping manner; and

the blank-holding ram includes a plurality of the beads

each configured to engage the depressions.
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